ABSTRACT
INTRODUCTION
Ureteral endometriosis is associated with a relatively high risk for subsequent loss of renal function owing to urinary flow obstruction caused by constriction of the caudal portion of the ureter by endometriotic tissue 1 . Patients with ureteral endometriosis often report non-specific symptoms at the time of clinical evaluation, which may complicate differential diagnosis. Therefore, accurate and timely diagnosis of ureteral involvement in patients with endometriosis remains a true clinical challenge that requires a high index of suspicion.
Considering the absence of specific urological symptoms and the associated risk of silent renal loss, evaluation of the integrity of the urinary tract is recommended in patients with endometriosis, not only before and after surgery but also during medical therapy 2 . Pateman et al. 3 were the first to investigate the possibility of visualizing the pelvic segment of normal ureters and measuring their diameter on a standard gynecological transvaginal sonographic (TVS) examination, without significant increase in examination time.
The aim of this prospective study was to assess whether routine examination of the ureters on TVS can identify reliably ureteral involvement and should therefore be recommended in all patients with deep infiltrating endometriosis (DIE).
METHODS
This was a prospective observational study of women scheduled for surgery for DIE owing to pain symptoms resistant to medical therapy in addition to clinical and instrumental findings, at the tertiary referral center for DIE at Fondazione Policlinico Universitario A. Gemelli, Rome, Italy. The study was conducted between January 2012 and December 2014. All patients were informed about the aim of the study. Ethical approval was obtained from the local research ethics committee, though full ethical review was not required, as evaluation of the urinary tract is part of the routine assessment of women with endometriosis.
All patients underwent routine preoperative TVS examination, including visualization of the ureters, within 3 months before the surgery. Women were considered eligible for inclusion if they were of reproductive age and had a history of endometriosis, with or without chronic pelvic pain. Exclusion criteria were malignancy, menopause, pregnancy and a diagnosis of ureteral dilatation prior to the ultrasound examination.
Ultrasound evaluation of the pelvis was performed with commercially available ultrasound units (MyLab™Twice, Esaote S.p.A, Genova, Italy) equipped with a 5-7.5-MHz transvaginal probe. All ultrasound examinations were performed by a gynecological examiner (P.C.) with more than 10 years of experience in the diagnosis of DIE. A standardized TVS examination was performed to visualize the uterus, adnexa, vagina, retrocervical area, uterosacral ligaments, rectosigmoid and urinary bladder. The diagnosis of endometriosis and adhesions was made in accordance with previously described criteria [4] [5] [6] . DIE lesions were classified according to five locations 7, 8 : uterosacral ligaments, retrocervical area, vagina, bowel and bladder.
For investigation of the ureter, a longitudinal section through the cervix was obtained and the probe was immediately moved towards the lateral pelvic wall in order to identify the caudal part of the ureter adjacent to the bladder trigone. The ureter was identified as a fusiform, fluid-filled anechoic tubular structure, displaying intermittent peristalsis, continuous with the urinary bladder. No blood flow was detectable on Doppler ultrasound. The ureters were identified in either the transverse or oblique sagittal plane, and imaging was performed proximally, along as much of their length as possible up to the level at which they cross the common iliac vessels, as reported previously by Pateman et al. 3, 9 . Visualization was carried out for enough time to allow ureteral distention secondary to peristalsis, with ureteral diameter being measured concomitantly. The ureteral diameter was measured in all patients in a longitudinal section at the intersection of the ureter with the uterine artery, at rest and at the peak of dilatation (Figure 1 ).
Based on anatomical textbooks and the medical literature 3, [10] [11] [12] [13] [14] , to estimate the diameter of the ureters we considered that the normal ureter has a diameter of 1.5-5.9 mm; any ureter wider than 5.9 mm at peak distension was considered to be dilated. In cases of stenosis with ureteral dilatation, ureteral diameter was measured both cranially and caudally to the stenosis, at rest and during peristalsis (Figure 1 ).
Subsequently, transabdominal examination of the kidneys with a 1-7-MHz convex probe (MyLab™Twice) was performed in all the patients in order to assess the presence of hydronephrosis. In accordance with the literature, hydronephrosis was defined as dilatation of the renal pelvis secondary to a caudal ureteral obstruction that may often, although not always, result in the loss of renal function 15 . Hydronephrosis was diagnosed and graded using generally accepted ultrasound criteria 16 .
In cases of ureteral stenosis with secondary hydronephrosis, surgical excision of DIE is mandatory. Otherwise, the indication for surgery was mostly based on the persistence of symptoms after failure of hormonal treatment. Renal function was investigated by mercaptoacetyltriglycine scan in all the patients, and no case of renal function loss requiring nephrectomy was found. If hydronephrosis was detected by transabdominal ultrasound, a ureteral stent was placed before surgery, and pyelography was performed to confirm the presence and level of the stenosis.
Laparoscopy was performed under general anesthesia by two surgeons (F.D.C.N. and C.D.C.N.) with more than 10 years of experience in the laparoscopic treatment of patients with DIE. The surgeons were not blinded to the ultrasound findings. Surgical identification of both ureters was performed in all cases. Retroperitoneal dissection of the ureters was performed in all patients, starting with incision of the peritoneum at the level of the pelvic brim to gain access to the retroperitoneal space. After identification of the dilated segment of the ureter, blunt dissection was performed, proceeding caudally. Ureterolysis was considered satisfactory when the ureter was free from the surrounding endometriotic tissue responsible for the ureteral stenosis, and when a normal-looking ureter was visible cranially and caudally from the previous area of stenosis. Surgical and histological findings were subsequently compared with the preoperative ultrasonographic diagnosis.
RESULTS
The initial cohort consisted of 244 consecutive patients with DIE scheduled for surgery owing to persistent pain symptoms after medical therapy. Of these, five patients were excluded because ureteral dilatation was diagnosed by magnetic resonance imaging (MRI) prior to ultrasound examination, three because a ureteral stent was placed (in another hospital) before ultrasound examination, 35 patients (without ureteral dilatation) were excluded because they did not undergo laparoscopy within the 3 months following TVS examination and one patient with ureteral dilatation diagnosed on TVS examination was excluded because she became pregnant before the surgery. Thus, 200 consecutive patients undergoing surgery for DIE were preoperatively evaluated by TVS for ureteral involvement.
All women were premenopausal, and mean age was 36.6 ± 7.3 years, with a mean body mass index of 22.7 ± 3.9 kg/m 2 . Fifty-seven (28.5%) of the patients presented with pelvic pain, 96 (48.0%) with dyspareunia, 103 (51.5%) with dysmenorrhea, 64 (32.0%) with dyschezia, 79 (39.5%) with lumbar pain and eight (4.0%) with infertility.
Ureteral dilatation was identified by TVS examination and confirmed intraoperatively in 13/200 (6.5%) patients. Although these 13 patients reported a high prevalence of non-specific symptoms related to endometriosis, including dysmenorrhea (n = 6 (46.2%)), dyspareunia (n = 6 (46.2%)) and chronic pelvic pain (n = 3 (23.1%)), none of them reported urinary symptoms such as dysuria, overactive bladder or recurrent urinary tract infections, and none complained of hematuria. Of the 13 patients diagnosed with ureteral dilatation on TVS, 10 (76.9%) had had previous surgery for endometriosis, but none of Data are presented as mean ± SD or n (%). BMI, body mass index.
them had had surgery for ureteric involvement prior to being enrolled into the study.
Renal ultrasound detected hydronephrosis in only six out of 13 (46.2%) patients with ureteral dilatation. The left ureter was affected in a similar proportion as the right one (n = 7 (53.8%) vs n = 6 (46.2%)). Bilateral involvement of the ureters was not found in any patient. Clinical characteristics of the patients with ureteral dilatation are shown in Table 1 .
All dilated ureters appeared as hypoechoic tubular structures on TVS, with different diameters cranially and caudally from the area of stenosis, and with reduced ureteral peristalsis. These imaging characteristics should be identified in order to make a confident diagnosis of ureteral dilatation. No hypoechoic tissue surrounding the stenotic tract of the ureter was observed in any patient. Only circumferential hyperechoic tissue surrounding the stenotic part of the ureter was detected in these patients.
Both ureters were identified in all 200 patients on TVS. Visualization of non-affected ureters was performed in a mean time of 10 s (range, 7.0-15.0 s). Mean duration of visualization and study of dilated ureters was 5 min (range, 3-9 min).
In the present series, the median diameter of the normal ureter visualized in all patients at the peak of distention was 3.4 mm (range, 2.3-4.5 mm). In all cases of ureteral dilatation, the ureteric diameter was ≥ 6 mm with a median diameter of 6.9 mm (range, 6-18 mm) ( Table 2) . We found that ureteral dilatation was associated with concomitant involvement of the ipsilateral uterosacral ligament in seven (53.8%) patients, retrocervical area in 12 (92.3%) and bladder in one (7.7%) ( Table 3 ). In the group of patients with ureteral dilatation, an associated deep endometriotic nodule of the rectum was found on TVS in all cases, measuring 10-20 mm in two (15.4%) patients, 20-30 mm in two (15.4%), 30-40 mm in five (38.5%) and > 40 mm in four (30.8%) ( Table 4) . Mean nodule size was 25.9 ± 11.7 mm. All ureteral stenoses were located lateral to the ipsilateral uterosacral ligament at the level of the cross with the uterine artery (Figure 2 ).
In the 187 patients without ureteral dilatation, nodules of deep endometriosis were detected at the bladder in seven (3.7%) cases, vagina in 10 (5.3%), uterosacral ligaments in 114 (61.0%), retrocervical area in 62 (33.2%) and rectosigmoid junction in eight (4.3%) cases. More than one nodule was detected in some patients.
Ureteral involvement was confirmed in the 13 patients by intraoperative detection of ureteral dilatation as a consequence of endometriotic tissue surrounding the ureter and causing stenosis. A difference in ureteric dimensions above and below the level of the obstruction was evident in all the patients (Figure 3) . The tissue was removed at surgery and histological confirmation of endometriosis was obtained in all cases. There was complete agreement between ultrasound and surgical findings with regard to ureteric lesions. The surgical strategy included ureterolysis as the primary approach, which resolved the ureteral stenosis in all cases, with no patients requiring bladder reimplantation. Data are given as n (%), median (range) or median. 
DISCUSSION
Our study has shown that routine TVS examination of the pelvic ureters is effective for the diagnosis of ureteral dilatation associated with endometriosis in patients with DIE. Our findings are specific, and in all women with evidence of ureteral dilatation caused by endometriosis detected on TVS, the diagnosis was confirmed at surgery. Ureteral endometriosis is reported in about 5% of patients with DIE requiring surgery 17 ; in the current series, the incidence of ureteral dilatation in patients with DIE was 6.5%.
Ureteral endometriosis is usually associated with DIE elsewhere in the pelvis. In fact, in our study, all 13 patients with ureteral endometriosis had DIE. Thus, in agreement with other studies 18 , our TVS and surgical findings confirm that DIE seems to represent a risk factor for the development of ureteral dilatation. We therefore agree with Donnez et al. 19 that the concept of 'disease of the retroperitoneal space' should include not only the rectovaginal and vesicovaginal spaces, but also the area extending laterally in the direction of the cardinal ligaments.
Our data show that the likelihood of ureteral involvement increases with the size of the endometriotic nodule. Therefore, it is crucial for the clinician to bear in mind that, in the presence of a large endometriotic nodule of the posterior compartment, TVS may be a useful tool for detecting ureteral involvement, as shown by the current study.
Experience accumulated during this study confirms, in agreement with previous studies 3, 9 , that the acoustic window provided by TVS can afford visualization of the distal portion of the ureters. In our series, the disease most commonly affected the distal segment of the ureter, i.e. the pelvic ureter, 3-4 cm above the vesicoureteric junction, the latter being free from endometriotic involvement in all our patients. In our study, TVS examination showed that all 13 patients with ureteral dilatation had an associated ureteral obstruction in a very short tract of the ureter and that the stenosis was located at the base of the broad ligament at the cross between the ureter and the uterine artery.
All the patients were scheduled for ureterolysis in accordance with surgical criteria, avoiding expensive MRI evaluation. Our surgical findings confirmed ureteral dilatation in all 13 cases, with the characteristic change in ureteral diameter before and after the stenosis; laparoscopy showed that stenosis was mainly caused by the presence of fibrotic tissue as a consequence of endometriosis surrounding the ureter. The surgical findings confirmed that TVS is useful for the diagnosis of ureteral dilatation and for demonstrating the level and degree of obstruction.
Our study has a potential limitation. The sonograms were obtained by one experienced sonographer, and his results might be difficult to reproduce by investigators with less experience in interpreting DIE findings. In this study, TVS assessment of dilated ureters required up to 5 additional min of examination. The longer duration was due to the reduction in peristalsis to the affected ureter, localization and measurement of different diameters of the ureter before and after the stenosis, measurement of the distance from the bladder and localization and measurement of the lesion causing the stenosis.
Our data confirm the so-called 'silent kidney loss' associated with ureteral endometriosis, showing that in 53.8% (7/13) of cases, ureteral dilatation was not associated with hydronephrosis on abdominal ultrasound 20, 21 . Delayed diagnosis of ureteral endometriosis can lead to progressive narrowing of the ureter and, consequently, to worsening of hydronephrosis and progressive deterioration of renal function. The development of an imaging technique able to achieve an early diagnosis of ureteral endometriosis could prevent the development of hydronephrosis and renal deterioration [22] [23] [24] . As demonstrated in this study, routine visualization of the pelvic ureter during TVS examination can identify potential silent ureteral involvement by the disease, not yet causing hydronephrosis. Previous studies have shown that ultrasound examination of pelvic endometriosis is accurate and reproducible 7, [25] [26] [27] . Pateman et al. 3 also demonstrated for the first time that TVS enables visualization of pelvic sections of the ureters and assessment of their peristalsis in the vast majority of women. The authors suggested that visualization of the ureters by TVS should be incorporated into the standard gynecological pelvic examination without significant increase in examination time 3, 9 . With appropriate training and attention to the diagnostic adequacy of the images obtained, TVS is a valid primary tool for the assessment of patients with endometriosis. Sonographic examination has several advantages: it is a low-cost, non-irradiating technique, it does not require contrast administration, it does not depend on renal function and it allows for multiple re-examinations. Thus, we suggest that imaging of the urinary tract with TVS should be used routinely in the evaluation of patients with endometriosis to prevent the permanent renal damage that can occur with this disease. Key to successful outcome is an early diagnosis and relief of obstruction 28, 29 .
In conclusion, our findings, in agreement with those of previous studies 3, 9 , suggest that TVS examination is an accurate diagnostic non-invasive tool for the detection of ureteral involvement by endometriosis. Patients with a clinical indication for imaging who have endometriosis are candidates for TVS visualization of the ureters. Visualization of the ureters on TVS can permit identification of women for whom urgent surgery or ureteric stenting can prevent or reduce kidney damage, and can facilitate preoperative counseling and improve surgical planning.
